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Abstract 
The purpose of this study is to investigate and compare the viscosity index (VI) and wear elements of two different engine oil 
brands. The two engine oil brands used were Perodua Genuine (PG) Oil SAE5W-30 and Castrol Magnatec (CM) oil SAE5W-30. 
The value of VI is obtained by comparing the kinematic viscosity value of engine oil at 40 oC and 100 oC according to ASTM 
D2770. Wear elements analysis was performed by using optical emission spectrometer (Baird MOA Lube Analyst). All wear 
elements obtained such as Lead (Pb), Iron (Fe), Aluminum (Al), Silver (Ag), Tin (Sn) and Copper (Cu) were discussed. The 
result revealed that VI value for both PG and CM oil increased as compared to the unused oil and the Lead (Pb) element 
exhibited higher value of wear elements (in parts per million unit) especially in the CM oil.   
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1. Introduction  
     It is undoubted that engine is the most important and crucial operating mechanism in a car. In order to protect the 
engine of the car from breakdown and maintain its performance, the engine needs to be lubricated with the 
appropriate lubricant. The usage of certain type of lubricants may affect the performance of the car’s engine. The 
study of automotive lubricating is important in order to predict the type of lubricant which is more suitable and cost-
efficient within the current economic situation. In order to predict the overall health and performance of a lubricant, 
the properties of the lubricant needs to be determined accordingly.  
     Viscosity is one of the main properties of the oil and it can be measured through viscosity index. Viscosity index 
is an empirical number that used to indicate the temperature dependence of oil’s kinematic viscosity. A low 
viscosity index signifies relatively large change of viscosity with the temperature. The value can be determined by 
comparing the kinematic viscosity value of the oil at 40°C and 100°C and the procedure for calculations is described 
in ASTM D2770. The accuracy of viscosity index is highly dependent on the kinematic viscosity measurement [1].  
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The oil used to lubricate the engine consist of two primarily ingredients which is base oil and additives. The base oil 
allows the engine oil to lubricate the engine’s moving parts to protect them against wear and tear caused by friction. 
Meanwhile the additives provide additional engine protection by preventing the oil from deteriorating under the 
extreme temperature conditions in the engine. In order for the engine oil to lubricate the engine, its viscosity must be 
capable of holding up under the engine’s extreme temperatures conditions, the oils thin when heated and thickens 
when cold [2]. It is important to have the analysis of the engine oils in terms of viscosity and the existing wear 
elements in the oil after usage. Thus, this paper carried out experimental work on two different brands engine oil 
available in the market. The viscosity and wear elements were then compared with the unused oil. 
2. Experimental testing 
     This study consists of two major experiments which were viscosity and wear elemental testing of engine oil. 
Viscosity value was measured by using CANNON viscometer using calibrated tube of 300 60W for 40oC and 150 
259D for 100oC, whereas, wear elemental testing was conducted by using optical emission spectrometer which is 
Baird MOA Lube Analyst. The viscosity value of both engine oils will be presented and compared in the viscosity 
index (VI) graph and all wear elements such as Lead (Pb), Iron (Fe), Aluminium (Al), Tin (Sn) etc. were discussed 
in the following section.  
3. Details of oil used 
     In this study, two different engine oil brands used were Perodua Genuine (PG) Oil SAE5W-30 and Castrol 
Magnatec (CM) oil SAE5W-30. All samples were tested and collected from the Perodua Service Centre, Shah 
Alam, Selangor. Total of 10 nos. of samples were then tested to determine the viscosity and to identify the existing 
wear elements after usage in the engine oil with the unused oil of both types was set as a benchmark.  
4. Results and Discussion  
4.1. Viscosity Index (VI) 
     The value of VI was obtained by comparing the kinematic viscosity value of engine oil at 40oC and 100oC, and 
the procedure for calculation is described in ASTM D2770. Fig. 1 show the VI for both PG and CM oil samples. 
The VI of PG oil data shows that all oil samples tested is higher than the unused oil. However, the data have no 
significance increment as the difference is about 14 – 20% at interval of 0 - 13000KM. Similar trend show by 
Nakom et al. [3], as the result from synthetic and mineral based oil exhibit small changes in the value of VI. 
However, the small changes in viscosity must be given attention as higher viscosity of engine oil will not be able to 
lubricate the engine components, hence, can affect the life of the components. Meanwhile, the data for CM shows 
increasing straight line trend but have scattered data and as at 5000KM, the VI decrease about 3% at interval of 0 – 
5000KM as compared to the unused oil. This is might be due to the dilution and ineffectiveness of the engine oil 
used. The decreasing of VI value can cause several effects such as, excessive wear in the components, increased 
sensitivity of oil to particle contamination, increase friction between components and etc. [4]. However, the VI 
values were then sharply increased of about 40% at interval of 8000 - 11000KM. The increasing VI value proved 
that the viscosity was not influence by the temperature of engine and its occurred might be due to the loss of lighter 
fractions from evaporation or oxidation [5]. 
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Fig. 1. Viscosity index for both PG and CM oil 
4.2. Wear elements 
     The wear elements of PG and CM oil data were tabulated and discussed below. The tests were performed in 
order to identify the elements present before and after usage at certain mileage. The data were categorized according 
to the severe wear cluster, mild wear cluster and least wear cluster.      
Fig. 2 shows the most severe wear element which is Lead (Pb) for both PG and CM oil. It can be seen that the 
PG oil showed decreasing value of wear elements as compared to its unused oil. It is caused by the wear in oil itself 
and it will become less efficient to lubricate the components such as bearing and sealing compound. Whereas, the 
wear elements of CM oil showed increasing trend of data as compared to its unused oil and this phenomenon 
indicate that the engine oil might be caused from the engine bearing worn [6]. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Severe cluster wear element in PG and CM oil   
 
Fig. 3 shows the mild cluster wear elements that exist in both PG and CM oil. As can be seen, the wear elements 
present in PG oil were Iron (Fe), Aluminum (Al) and Silver (Ag) whereas for the CM oil were Iron (Fe), Aluminum 
(Al) and Tin (Sn). Both of PG and CM oil has elements of Fe and Al. The other elements that differentiate between 
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PG and CM oil were Ag and Sn respectively. All elements in mild cluster showed increasing value of wear as 
compared to its unused oil. The increasing value of Fe may cause from wear of cylinder liners, piston rings, valve 
trains, crankshaft and engine block. The wear of Fe can cause damage of the engine if the wear elements in the 
severe cluster wear, however, this study showed the wear values for both PG and CM oil seems to be small. 
Whereas the increasing wear value of Al might be caused from wear in the engine blocks, piston, blowers and cam 
bushing. The present of Sn in CM oil was caused from the wear in the components such as valve train bushing, wrist 
pin bushing, cam bushing and oil cooler core.  
 
 
Figure 3: Mild cluster wear element in PG and CM oil 
Fig. 4 shows the least cluster wear elements that exist in both PG and CM oil. The wear element in PG oil was 
Tin (Sn) whereas wear element in CM oil were Copper (Cu) and Silver (Ag). The increasing wear value of Sn in PG 
oil was shown as compared to its unused oil and decreasing wear value of Cu and Ag were shown in CM oil. The 
wear metal source of Cu may comes from valve train bushing, wrist pin bushing, cam bushing, oil cooler core and 
also from the connecting rod bearings.  
 
Fig. 4. Least cluster wear element in PG and CM oil 
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5. Conclusion  
In this paper, the results of both PG and CM oil are presented and have been discussed in terms of Viscosity Index 
(VI) and wear elemental analysis.  Following shown the conclusion drawn from this study: 
x The VI for both PG and CM oil showed increasing trend of graph. The both PG and CM oil has lesser 
effect of temperature to viscosity changes. The increasing value of PG oil is more stable and consistent 
compared to the CM oil. 
x The wear elements for both PG and CM oil were the same which consists of Lead (Pb), Iron (Fe), 
Aluminum (Al), Silver (Ag), Tin (Sn) and Copper (Cu). The difference is on the severity of each wear 
elements in the oil. The severe cluster wear was Lead (Pb) observed in both PG and CM oil which CM oil 
presented higher wear value.  
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